###### Strengths and limitations of this study

-   This study is novel; only two previous studies have investigated physician related factors for individualised insulin initiation in type 2 diabetes.

-   Including physicians from eight European countries reveals the diversity in treatment decisions across Europe.

-   The use of vignettes provides a 'clean' view on physician's opinions, but vignettes cannot be directly linked to physician behaviour in practice.

-   Physicians participating in this study might have more interest with type 2 diabetes, which could influence the generalisability.

Introduction {#s1}
============

Due to the progressive nature of type 2 diabetes mellitus (T2DM),[@R1] it is often necessary to initiate insulin treatment, a drug well known for its efficacy.[@R2] Insulin therapy is however complex. Due to this complexity, the initiation of insulin is often delayed or postponed, resulting in high glycated haemoglobin (HbA1c) levels at the time of insulin initiation.[@R5] This issue of therapeutic inertia has not changed over the last 10 years.[@R10] Formally, it has been described as 'the failure of healthcare providers to initiate or intensify therapy when indicated',[@R12] but recently, a new definition of therapeutic inertia has been proposed: 'failure to advance therapy or to de-intensify therapy when appropriate to do so'.[@R13] Factors associated with therapeutic inertia have been categorised as originating from the healthcare system, the patient and the physician.[@R14]

Factors in the healthcare system responsible for postponing insulin therapy are limited resources, discontinuity of care, lack of time and a lack of financial incentives.[@R15] Furthermore, glycaemic targets differ between countries. For example: in the UK the glycaemic target is 48 to 53 mmol/mol (6.5% to 7%), while physicians in Sweden should strive for an HbA1c between 42 to 69 mmol/mol (6% to 8.5%).[@R17] In choice of treatment, differences between countries are also apparent: the Guideline Adherence to Enhance Care (GUIDANCE) study showed that in France only 16.7% of T2DM patients use insulin, compared with 38.0% in Germany.[@R19]

Several patient related factors influence the HbA1c level at which insulin is initiated. Because of differential benefits from strict glycaemic control, the European Association for the Study of Diabetes (EASD) and the American Diabetes Association (ADA) proposed individualising the glycaemic target.[@R20] For younger people with T2DM a strict glycaemic target is desirable, for it is proven to be beneficial on long-term health outcomes.[@R3] Elderly people, those with a longer diabetes duration and those with comorbidities or complications, are likely to have less benefit from intensive treatment, thus a less stringent glycaemic target may be preferable;[@R21] but patients themselves can also be reluctant to start insulin therapy. Approximately 25% to 33% of patients even expresses unwillingness to start insulin at all,[@R24] mainly because of needle anxiety, fear of weight gain, fear of hypoglycaemia and feelings of failure.[@R26]

Nevertheless, physicians are the most important cause of therapeutic inertia in general, contributing 50% to 75% of all three factors.[@R14] The physicians' contribution is a global phenomenon.[@R8] Physicians postpone initiating insulin therapy for several reasons, including concerns about non-adherence, doubts about patient competence, fear of hypoglycaemia and lack of knowledge or experience.[@R24] Therapeutic inertia is seen in both primary and specialist care, but seems more pronounced in primary care.[@R31]

Almost all studies on therapeutic inertia in T2DM have focused on healthcare system or patient factors associated with delayed insulin initiation, studies aimed at physician factors are scarce and non-conclusive.[@R32] A study in secondary care physicians showed that older doctors, female doctors and those seeing more patients per month had an increased delay in initiating insulin.[@R33] However, many factors such as the usage of guidelines, physicians' opinions on guidelines and the influence of HbA1c targets in national guidelines, remain unexplored.

We investigated if there is any variation between physicians from eight European countries at which HbA1c level they initiate insulin treatment, and whether these HbA1c levels differ for younger T2DM patients without comorbidities versus older T2DM patients with comorbidities. We also investigated which physician and practice related factors are associated with the HbA1c level at which insulin treatment is initiated.

Methods {#s2}
=======

Study design {#s2-1}
------------

For this study we used data from the GUIDANCE study, a cross-sectional study conducted in Belgium, France, Germany, Italy, Ireland, Sweden, the Netherlands and the UK to determine the quality of T2DM care.[@R19] Data were collected concurrently in all participating countries from March 2009 to December 2010. Further details of the methods have been described previously.[@R19]

Study population {#s2-2}
----------------

In each country, a coordinating researcher recruited physicians. Physicians were recruited primarily from primary care and in case of insufficient numbers of primary care physicians from specialist care. The coordinating researchers aimed to include a representative sample of caregivers for T2DM in a given country, but were allowed a certain flexibility in this matter. For example, in the Netherlands about 90% of people with T2DM are treated in primary care and hence all participating physicians were recruited from the primary care setting physicians could be working either independently (solo practice) or in group practices/centres. Physicians were eligible if they had any level of involvement in the care of individuals with T2DM. All physicians gave permission to use the collected data.

Patient and public involvement {#s2-3}
------------------------------

Patients and public were not involved in the design of the current study.

Data collection {#s2-4}
---------------

The database of the GUIDANCE study consists of both patient and physician data. In this study, we focused on data from physician questionnaires.

Physicians filled out a questionnaire, consisting of three parts. The first part contained general questions about characteristics of the physician, such as age and information on the practice setting, the number of patients in general and those with T2DM seen per week. It also contained questions concerning practice characteristics: services available to the practice and patient education content, education resources and the form of education. We considered the presence of a diabetes educator or a nurse available if either or both were present in the care centre.

The second part included questions on diabetes management. Physicians were asked at what HbA1c level they would initiate insulin treatment in two different vignettes:

-   At what HbA1c level do you usually initiate insulin treatment in a 50-year-old patient without serious diseases?

-   At what HbA1c level do you usually initiate insulin treatment in an 80-year-old patient with myocardial infarction?

These questions create two cases: one with a young individual without comorbidities (vignette 1), and one with an older individual with a comorbidity (vignette 2).

The last part of the physician questionnaire inquired whether physicians used guidelines, and if so, which one(s), and what target HbA1c these guidelines recommended according to the physician. Moreover, a separate set of 17 questions to determine physician's attitude towards the guidelines was completed. The 17 questions were on a 5-point Likert scale ranging from 1 "strongly disagree" to 5 "strongly agree", with a total score ranging from 17 to 85, a higher score indicating a more positive feeling towards the guidelines. These questions were specifically designed for the purpose of the GUIDANCE study and were not part of a validated questionnaire.

Additionally we extracted glycaemic targets from a previous study and national (primary care) guidelines for all countries[@R34]; both from the guidelines valid in 2009 during the GUIDANCE study and from the most recent guidelines.

Sub-study {#s2-5}
---------

Since the GUIDANCE data were already a couple of years old and the most recent guidelines now all propose individualised HbA1c targets (see [table 1](#T1){ref-type="table"}), we wanted to assess whether this might have influenced physicians' behaviour. Therefore, we repeated the GUIDANCE survey among Dutch primary care physicians in 2018. We contacted all Dutch physicians who participated in the original GUIDANCE study. Unfortunately many physicians were retired; we therefore also sent the survey to all "new" physicians working at the participating primary care practices. Since our aim was only to get a feeling about any time trend, we only repeated the survey in Dutch physicians. Moreover, we did not have the financial and logistical resources to repeat the study in all eight countries.

###### 

Country and physician characteristics, values are reported as means with SD, unless otherwise stated (complete case data)

                                                                                       Belgium       France       Germany       Ireland       Italy         NL           Sweden       UK
  ------------------------------------------------------------------------------------ ------------- ------------ ------------- ------------- ------------- ------------ ------------ -------------
  Number of physicians                                                                 73            78           38            27            20            58           62           54
  Age (years)                                                                          53.2 (12.0)   51.2 (8.7)   50.4 (9.1)    49.5 (8.5)    53.4 (5.3)    49.7 (7.9)   53.6 (9.2)   47.1 (8.6)
  Percentage primary care                                                              97.3%         89.7%        92.1%         25.9%         50.0%         100%         100%         77.8%
  Number of patients per week (median, IQR)                                            100 (58)      120 (49)     275 (150)     90 (100)      100 (70)      112.5 (59)   50 (22)      120 (80)
  Percentage T2DM of patients per week (median, IQR)                                   6.7 (9.5)     6.3 (6.1)    17.5 (20.7)   55.0 (57.9)   33.3 (59.2)   6.2 (6.0)    7.2 (5.1)    16.2 (26.8)
  Percentage of physicians suggesting patients to follow diabetes education (yes/no)   74.0%         75.3%        42.1%         96.3%         50.0%         96.6%        95.2%        100%
  Percentage physicians aware of T2DM guidelines (yes/no)                              84.7%         93.4%        83.8%         96.3%         95.0%         98.3%        95.2%        100%
  Attitude towards T2DM guidelines score (17-85)                                       62 (11)       64 (9)       56 (10)       66 (9)        67 (8)        69 (6)       65 (9)       63 (6)
  Target HbA1c in guideline according to physician (mmol/mol)                          50.5 (4.2)    48.6 (3.3)   48.5 (3.3)    49.8 (3.2)    51.7 (1.9)    52.2 (3.0)   49.4 (4.1)   51.1 (2.8)
  Target HbA1c in national guidelines valid in [2009]{.ul} (mmol/mol)**\***            \<53          \<48         ≤48           \<48          48--53        \<53         \<48         \<48†
  Target HbA1c in [most recent]{.ul} national guidelines (mmol/mol)‡                   48--64        48--75       48--58        48--58        48--64        53--64       42--69       48--53

\*Glycaemic targets were extracted from reference.[@R34]

†Higher for individual patients.

‡Glycaemic targets were extracted from national guidelines from primary care for each country.

HbA1c, glycated haemoglobin; NL, the Netherlands; T2DM, type 2 diabetes mellitus; UK, United Kingdom.

Statistical analyses {#s2-6}
--------------------

Because missing data will lead to imprecision and may lead to bias, multiple imputation was used to deal with missing data. Characteristics of physicians with any missing value and those with complete data are shown in [online supplementary appendix 1](#SP1){ref-type="supplementary-material"}, suggesting data are missing at random. We created 10 imputed data sets under the assumption 'missing at random'. We used the formula '(10.93×HbA1c in %) - 23.50' to convert National Glycohemoglobin Standardization Program (NGSP) HbA1c (%) to International Federation of Clinical Chemistry (IFCC) HbA1c (mmol/mol); for Sweden we used '(10.11×HbA1c in %) - 8.94' to convert the nationally used Mono-S HbA1c (%) to IFCC HbA1c (mmol/mol).
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One-way analysis of variance was used to compare the HbA1c levels between physicians from the eight countries for both vignette 1 and 2, post-hoc analysis was done using Tukey's test. Additionally, we calculated the difference in HbA1c level between vignette 1 and 2 per country, by subtracting the HbA1c from vignette 1 from vignette 2 per physician. To test whether the HbA1c levels differed significantly between vignette 1 and 2 per country, we performed paired t-tests.

To investigate which factors were associated with the HbA1c level at which insulin treatment was initiated, we included the following determinants based on literature[@R32]: physician's age, country, primary versus secondary care setting and the presence of a diabetes educator or nurse in the care centre. Based on expert opinion, we also added the following determinants: whether the physician uses T2DM guidelines (yes/no), physician's attitude towards guidelines (score range 17 to 85), HbA1c in guideline according to physician, whether the physicians provides education to T2DM patients themselves (yes/no), absolute number of patients per week and relative number of T2DM patients per week (the number of patients with T2DM seen per week divided by the total number of patients seen per week). First, all variables except for country were investigated in a univariable linear regression (model 1), second in a multivariable linear regression (model 2) and finally country was added to the multivariable model (model 3). Country was added last since we wanted the emphasise its role.

Since one could argue that the data have a two-level hierarchical structure (physicians working within a country), we conducted a sensitivity analysis by adding random intercepts per country to model 2 (ie, a linear mixed model).

Analyses were performed using IBM SPSS Statistics V.21 for Windows. Assumptions for all statistical tests were checked. P values\<0.05 were considered statistically significant.

Results {#s3}
=======

Of the 429 physicians, 19 physicians were excluded since they indicated not to initiate insulin at all (Ireland: n=14, France: n=1, UK: n=4). Before imputation, 4.9% of data was missing, distributed among 28.2% of the cases. Assumptions for all statistical tests were satisfied.

[Table 1](#T1){ref-type="table"} shows the country and physician characteristics (complete cases). The number of participating physicians per country varied from 20 in Italy to 78 in France. The majority of physicians worked in primary care, except in Italy and Ireland (50.0% and 25.9%, respectively). German physicians saw the largest number of patients with a median of 275. In contrast, their colleagues from Sweden saw a median of 50 patients per week. Physicians from other countries saw approximately 100 patients per week. The highest percentage of patients with T2DM seen per week was reported by physicians from Italy (33.3%) and Ireland (55.0%). The target HbA1c in guideline according to the physician varied from 48.5 mmol/mol (6.6%) in Germany to 52.2 mmol/mol (6.9%) in the Netherlands. Target HbA1c levels in national guidelines valid in 2009 (at the time of data collection) varied from ≤48 mmol/mol (≤6.5%) in France, Germany, Ireland and Sweden to \<53 mmol/mol (\<7%) in Belgium and the Netherlands. Currently, all national guidelines propose a personalised target HbA1c.

In the 50-year-old patient without comorbidities (vignette 1), the HbA1c level at which physicians would initiate insulin treatment varied statistically significantly between countries (p\<0.001); the lowest HbA1c level was reported by Dutch physicians (57.2 mmol/mol; 7.4%), the highest by Belgian physicians (64.2 mmol/mol; 8%), see [figure 1](#F1){ref-type="fig"} and [table 2](#T2){ref-type="table"}. Post-hoc analyses showed that Dutch physicians differed significantly in the HbA1c level at which they would initiate insulin therapy from their colleagues in France (p=0.021) and Belgium (p\<0.001), and that Swedish physicians differed from those in Belgium (p=0.017) (data not shown in Figure/Table).

![The mean HbA1c level to initiate insulin treatment in a 50-year-old patient without comorbidities (vignette 1). ∆ (delta) represents the difference in HbA1c level between vignette 1 and vignette 2 (ie, the HbA1c level in vignette 2 minus the HbA1c level in vignette 1). HbA1c,glycated haemoglobin.](bmjopen-2019-032040f01){#F1}

###### 

The mean HbA1c level to initiate insulin treatment in vignette 1 and 2

  --------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                    All countries\   Belgium\   France\   Germany\   Ireland\   Italy\   NL\       Sweden\   UK\      P value\
                                                    (n=410)          (n=73)     (n=78)    (n=38)     (n=27)     (n=20)   (n=58)    (n=62)    (n=54)   ANOVA
  ------------------------------------------------- ---------------- ---------- --------- ---------- ---------- -------- --------- --------- -------- ----------
  HbA1c level in mmol/mol, vignette 1               61.0             64.2       62.3      62.1       59.6       60.3     57.2      59.0      61.4     \<0.001

  HbA1c level in %, vignette 1                      7.73             8.03       7.85      7.83       7.60       7.67     7.38      7.55      7.77     

  HbA1c level in mmol/mol, vignette 2               63.0             63.3       62.2      63.0       66.0       60.0     62.3      63.5      64.0     0.401

  HbA1c level in %, vignette 2                      7.92             7.94       7.84      7.91       8.18       7.64     7.85      7.96      8.01     

  Difference in mmol/mol between vignette 1 and 2   2.0              −0.9       −0.1      0.9        6.4        −0.3     5.1       4.5       2.6      NA

  Difference in % between vignette 1 and 2          0.19             −0.08      −0.01     0.08       0.58       −0.03    0.47      0.41      0.24     

  P value paired t-test                             \<0.001          0.388      0.887     0.539      0.002      0.894    \<0.001   \<0.001   0.030     
  --------------------------------------------------------------------------------------------------------------------------------------------------------------

ANOVA, analysis of variance; HbA1c, glycated haemoglobin; NL, the Netherlands; UK, United Kingdom.

In the 80-year-old patient with comorbidities (vignette 2), the HbA1c level at which physicians would initiate insulin treatment was not significantly different between countries (p=0.401). Italian physicians reported the lowest HbA1c level at which they would initiate insulin (60.0 mmol/mol; 7.6%) while physicians in Ireland reported the highest (66.0 mmol/mol; 8.2%), see [figure 1](#F1){ref-type="fig"} and [table 2](#T2){ref-type="table"}.

Physicians from Belgium, France and Italy would initiate insulin at a slightly lower HbA1c level in vignette 2 (the older patient with comorbidities) compared with vignette 1, see [figure 1](#F1){ref-type="fig"} and [table 2](#T2){ref-type="table"}. On the contrary, physicians from Germany, Ireland, the Netherlands, Sweden and the UK would initiate insulin at a higher HbA1c level in vignette 2 (the older patient with comorbidities) compared with vignette 1, with statistically significant differences between the two levels in Ireland (∆ 6.4 mmol/mol; 0.58%), the Netherlands (∆ 5.1 mmol/mol; 0.47%), Sweden (∆ 4.5 mmol/mol; 0.41%) and the UK (∆ 2.6 mmol/mol; 0.24%), see [figure 1](#F1){ref-type="fig"} and [table 2](#T2){ref-type="table"}.

[Online supplementary appendix 2](#SP1){ref-type="supplementary-material"} shows the results of the sub-study. In total 58 physicians responded to the survey, of which 33 participated in the original GUIDANCE study. In the 50-year-old patient without comorbidities (vignette 1), the HbA1c level at which Dutch physicians would initiate insulin treatment in 2018 was 56.5 mmol/mol (7.3%) for the participants from the original GUIDANCE study and 55.4 mmol/mol (7.2%) for the new participants, see [online supplementary appendix 2](#SP1){ref-type="supplementary-material"}. In 2009, this HbA1c level was 57.2 mmol/mol (7.4%), see [table 2](#T2){ref-type="table"}. For vignette 2, the HbA1c level at which Dutch physicians would initiate insulin in 2018 was 62.8 mmol/mol (7.9%) for the participants from the original GUIDANCE study and 61.7 mmol/mol (7.8%) for the new participants, see [online supplementary appendix 2](#SP1){ref-type="supplementary-material"}.

In 2009, this HbA1c level was 62.3 mmol/mol (7.9%), see [table 2](#T2){ref-type="table"}.

[Table 3](#T3){ref-type="table"} shows which factors were associated with the HbA1c level at which insulin would be initiated in vignette 1. In the univariable analysis (model 1), we found a statistically significant association between physicians' attitude towards guidelines and HbA1c level at which insulin will be initiated: for every additional positive point on a 17 to 85 scale, physicians would initiate insulin at a 0.14 mmol/mol lower HbA1c level. In other words: a more positive attitude towards the guidelines was associated with a lower HbA1c level at which insulin will be initiated. There were no statistically significant associations between the HbA1c level at which insulin would be initiated and physician's age, setting, number and percentage T2DM patients, target HbA1c in guidelines, guideline unawareness, attitude towards guidelines, education given by physicians and the presence of a nurse or diabetes educator in the care centre.

###### 

Linear regression analysis for the association with initiating insulin in a 50-year-old patient without comorbidities (vignette 1); beta (β) expresses the difference in HbA1c level in mmol/mol

                                                                             *Model 1: univariable linear regression*   Model 2: multivariable linear regression (country not in the model)   Model 3: multivariable linear regression (country added to the model)                                                                    
  -------------------------------------------------------------------------- ------------------------------------------ --------------------------------------------------------------------- ----------------------------------------------------------------------- --------------- ---------------- ------- ------- --------------- -------
  Age physician (per year increase)                                          0.02                                       −0.08 to 0.12                                                         0.724                                                                   0.00            −0.10 to 0.10    0.953   0.01    −0.09 to 0.11   0.783
  Secondary care (vs primary care)                                           −0.99                                      −3.68 to 1.70                                                         0.469                                                                   −0.50           −4.31 to 3.32    0.799   −1.72   −5.89 to 2.44   0.416
  Number of patients seen per week (per patient increase)                    0.00                                       −0.01 to 0.01                                                         0.643                                                                   0.00            −0.01 to 0.01    0.695   −0.01   −0.02 to 0.01   0.508
  Percentage patients with T2DM seen of all patients (per one % increase)    0.00                                       −0.04 to 0.03                                                         0.818                                                                   0.01            −0.05 to 0.06    0.784   0.00    −0.05 to 0.06   0.942
  Target HbA1c in guideline according to physician (per mmol/mol increase)   −1.48                                      −0.41 to 0.12                                                         0.273                                                                   −0.14           −0.42 to 0.14    0.338   −0.09   −0.38 to 0.20   0.533
  Guideline unawareness                                                      2.77                                       −1.46 to 7.00                                                         0.196                                                                   1.21            −3.21 to 5.64    0.587   0.49    −4.03 to 5.01   0.830
  Physicians' attitude towards guidelines (per one point\* increase)         −0.14                                      −0.25 to −0.03                                                        0.011                                                                   −0.12           −0.23 to −0.01   0.027   −0.08   −0.19 to 0.03   0.156
  Education by physician                                                     −0.90                                      −2.69 to 0.89                                                         0.325                                                                   −0.97           −2.82 to 0.88    0.303   −1.40   −3.29 to 0.49   0.147
  Nurse / diabetes educator in care centre                                   −2.05                                      −4.12 to 0.01                                                         0.051                                                                   −1.79           −3.93 to 0.34    0.099   2.63    −1.30 to 6.56   0.185
  Belgium                                                                    *NA*                                       *NA*                                                                  8.63                                                                    3.71 to 13.55   0.001                                            
  France                                                                     *NA*                                       *NA*                                                                  6.95                                                                    2.43 to 11.46   0.003                                            
  Germany                                                                    *NA*                                       *NA*                                                                  4.76                                                                    −0.19 to 8.56   0.059                                            
  Ireland                                                                    *NA*                                       *NA*                                                                  3.29                                                                    −1.97 to 8.56   0.218                                            
  Italy                                                                      *NA*                                                                                                                                                                                     *NA*                                     4.20    −0.71 to 9.11   0.094
  Sweden                                                                     *NA*                                       *NA*                                                                  1.30                                                                    −2.25 to 4.85   0.472                                            
  UK                                                                         *NA*                                       *NA*                                                                  4.45                                                                    0.93 to 7.97    0.013                                            

Reference categories: guideline unawareness=aware of guidelines; education by physician=no; nurse / diabetes educator in care centre=no; countries=the Netherlands.

\*on a 17 to 85 scale.

β, regression coefficient;HbA1c, glycated haemoglobin; NA, not applicable; T2DM, type 2 diabetes mellitus.

In the first multivariable analysis (model 2), the association between physicians' attitude towards guidelines and HbA1c level at which insulin will be initiated remained significant. However, when country was added to the multivariable model (model 3, reference category: the Netherlands), these results were nullified; only differences in HbA1c level at which insulin was initiated between Dutch physicians and those from Belgium, France and the UK were significant. There were no associations between the HbA1c level at which insulin will be initiated and all other variables, for example physician's age, practice setting, the target HbA1c in the guideline according to the physician, education by the physician or the presence of a nurse or diabetes educator. The sensitivity analysis yielded similar results (see [online supplementary appendix 3](#SP1){ref-type="supplementary-material"}).

[Table 4](#T4){ref-type="table"} shows which factors were associated with the HbA1c level at which insulin would be initiated in vignette 2. In the univariable analyses and in both multivariable analyses, there were no significant associations. The sensitivity analysis could not be performed for vignette 2. Because the HbA1c levels at which insulin was initiated in vignette 2 were more similar between countries, there was too limited variance to allow random intercepts in the model, hence the model could not converge.

###### 

Linear regression analysis for the association with initiating insulin in an 80-year-old patient with comorbidities (vignette 2); beta (β) expresses the difference in HbA1c level in mmol/mol

                                                                             *Model 1: univariable linear regression*   Model 2: multivariable linear regression (country not in the model)   Model 3: multivariable linear regression (country added to the model)                                                                   
  -------------------------------------------------------------------------- ------------------------------------------ --------------------------------------------------------------------- ----------------------------------------------------------------------- --------------- --------------- ------- ------- --------------- -------
  Age physician (per year increase)                                          −0.01                                      −0.11 to 0.09                                                         0.896                                                                   0.01            −0.09 to 0.11   0.828   0.02    −0.09 to 0.12   0.766
  Secondary care (vs primary care)                                           2.00                                       −0.78 to 4.78                                                         0.159                                                                   3.02            −0.93 to 6.96   0.134   3.04    −1.42 to 7.49   0.182
  Number of patients seen per week (per patient increase)                    0.00                                       −0.01 to 0.01                                                         0.433                                                                   0.00            −0.01 to 0.01   0.542   0.00    −0.02 to 0.01   0.752
  Percentage patients with T2DM seen of all patients (per one % increase)    0.01                                       −0.03 to 0.05                                                         0.634                                                                   −0.03           −0.08 to 0.03   0.402   −0.03   −0.09 to 0.03   0.371
  Target HbA1c in guideline according to physician (per mmol/mol increase)   0.11                                       −0.18 to 0.40                                                         0.450                                                                   0.10            −0.20 to 0.40   0.507   0.12    −0.20 to 0.45   0.443
  Guideline unawareness                                                      0.71                                       −3.57 to 5.00                                                         0.740                                                                   0.34            −4.25 to 4.93   0.884   0.31    −4.31 to 4.93   0.893
  Physicians' attitude towards guidelines (per one point increase\*)         −0.06                                      −0.16 to 0.03                                                         0.198                                                                   −0.08           −0.19 to 0.02   0.126   −0.07   −0.18 to 0.04   0.231
  Education by physician                                                     0.08                                       −1.86 to 2.02                                                         0.953                                                                   0.21            −1.80 to 2.22   0.840   0.00    −2.08 to 2.07   0.998
  Nurse / diabetes educator in care centre                                   0.83                                       −1.19 to 2.85                                                         0.420                                                                   0.72            −1.35 to 2.78   0.497   0.39    −2.92 to 3.70   0.817
  Belgium                                                                    *NA*                                       *NA*                                                                  0.95                                                                    −3.56 to 5.46   0.679                                           
  France                                                                     *NA*                                       *NA*                                                                  0.01                                                                    −4.50 to 4.51   0.998                                           
  Germany                                                                    *NA*                                       *NA*                                                                  0.85                                                                    −4.82 to 6.51   0.768                                           
  Ireland                                                                    *NA*                                       *NA*                                                                  2.54                                                                    −3.44 to 8.51   0.402                                           
  Italy                                                                      *NA*                                       *NA*                                                                  −3.00                                                                   −8.20 to 2.21   0.259                                           
  Sweden                                                                     *NA*                                       *NA*                                                                  1.08                                                                    −2.65 to 4.82   0.570                                           
  UK                                                                         *NA*                                       *NA*                                                                  1.31                                                                    −2.47 to 5.09   0.496                                           

Reference categories: guideline unawareness=aware of guidelines; education by physician=no; nurse / diabetes educator in care centre=no.

\*on a 17 to 85 scale.

β, regression coefficient;HbA1c, glycated haemoglobin; NA, not applicable; T2DM, type 2 diabetes mellitus.

Discussion {#s4}
==========

Summary of findings {#s4-1}
-------------------

Physicians from eight European countries would initiate insulin at different HbA1c levels in the younger patient without comorbidities, but not in the older patient with comorbidities. Although the HbA1c levels varied between the countries and different vignettes, physicians from all countries reported to initiate insulin above 53 mmol/mol (7%) for both vignettes. In five out of eight countries, physicians stated that they would start insulin at a higher HbA1c level in the older, complicated patient. The only factor associated with the HbA1c level to initiate insulin therapy in the younger patient without comorbidities was the physician's attitude towards national diabetes guidelines. However, when adding country as a factor only the difference between the Netherlands and Belgium, France and the UK remained statistically significant;Dutch physicians initiated insulin at a lower HbA1c level.

Strengths and limitations {#s4-2}
-------------------------

Only two previous studies have investigated physician related factors for insulin initiation in type 2 diabetes. By including physicians from eight European countries, we were able to show the diversity in treatment decisions across Europe, which can be considered a strength of the study. Because of the limited number of physicians per country, we were not able to investigate within country differences. We measured the intention of the physicians without additional complexities such as patient preferences. Such a vignette cannot directly be linked to their behaviour in practice. Individual patient factors and perceptions will inevitably influence the decision to initiate insulin. Another limitation is that physicians participating in this study might be more familiar and have more interest in the management of people with T2DM; as a consequence results may not be entirely generalisable to all physicians. National coordinating researchers aimed to include a representative sample of caregivers for T2DM in a given country. Nevertheless, they were allowed a certain flexibility in this matter and hence the representativeness of the sample is mainly based on expert opinion of these national coordinating researchers. For example, while in the Netherlands the majority of people with T2DM is treated in primary care, approximately 10% is treated in secondary care. No secondary care doctors were included in the Dutch sample, and therefore results may not be fully generalisable. A formal search into the generalisability of the different study samples per country has not been performed. However, participating in the GUIDANCE study involved a low level of commitment and therefore we assume that the participating physicians were not only those with a particular interest in diabetes. Furthermore, the questionnaire to determine the physicians' attitude towards the national guideline was not validated. While physicians' sex was previously demonstrated to be associated with insulin delay,[@R33] we were unfortunately unable to investigate this association because data on physicians' sex was not included in our database. Lastly, data were collected 8 to 9 years prior to the conduct of the current analysis. We repeated the GUIDANCE survey among Dutch physicians and the results of this survey suggest that physicians in 2018 would initiate insulin at approximately the same HbA1c levels as in 2009. One could argue that because of this repeated survey, the study does not longer fulfil the criteria for a cross-sectional study. However, since only 33 participants of the original GUIDANCE study filled out the questionnaires for the second time, we rather not describe our study as a longitudinal one.

Comparison with existing literature {#s4-3}
-----------------------------------

Several studies demonstrate therapeutic inertia by identifying patients with an HbA1c\>53 mmol/mol (\>7%) and measuring the time physicians take before intensifying treatment.[@R35] These studies show that physicians often wait months to years before initiating or intensifying T2DM therapy. This finding can indirectly be related to our results: while waiting, the patient's HbA1c will rise and thus treatment is initiated at a higher HbA1c level. Our data suggest that this level is quite often above 60 mmol/mol (7.6%).

The little evidence that is available on physician or practice setting factors influencing HbA1c level at insulin initiation is inconsistent. Similar to our results, one Spanish study did not find any physician factors associated with insulin initiation at a higher HbA1c level.[@R32] Another Korean study however, did find that physicians seeing more patients per month and female physicians waited longer before initiating or intensifying therapy.[@R33] This study however was performed in a more homogeneous group of physicians, which might explain that significant factors were more easily found. Moreover, cultural differences might have played a role in this study too.

The differences between physicians in Europe was also found in a study on the decision to initiate antihypertensive medication.[@R37]

Interpretation {#s4-4}
--------------

In the multivariable analysis, the only factor which was associated with initiating insulin treatment was country. In fact, country is a cultural, socio-economic and healthcare related variable. Unfortunately, we were not able to unravel whether this association was found because of differences in factors such as national guidelines, medical training or national incentives for medical care. Interestingly, no other factors were associated with the HbA1c level at which insulin would be initiated. For example, we hypothesised that physicians who provided their patients with education would have more affinity with T2DM and hence initiate insulin at either a higher or lower HbA1c level; no such associations were observed.

Furthermore, we observed higher HbA1c values in the older, complicated patient. This strongly suggests that physicians already in 2009 were individualising the glycaemic target based on patient characteristics. This is particularly interesting, because at the time of data collection of the GUIDANCE study, treatment targets were still 'one-size-fits-all' and the EASD/ADA statement proposing individualising targets had not yet been published. Physicians in our study might already have assumed that older patients would benefit less from stringent glycaemic control or were concerned about the frailty of older patients. The opposite was true for Italy, France and Belgium; physicians from these countries would initiate insulin at a slightly lower level in the older, complicated patient. Dutch physicians initiated insulin at the lowest HbA1c level compared with the other seven countries.

Studies in the past measured therapeutic inertia based on a glycaemic target of 53 mmol/mol (7%). In both our vignettes HbA1c values often surpass 60 mmol/mol (7.6%), supposedly reflecting therapeutic inertia, even present in a hypothetical situation. Individualising diabetes control according to the EASD/ADA statement however, makes assessing therapeutic inertia more difficult. Not all patients should strive for an HbA1c\<53 mmol/mol (\<7%), so an HbA1c\>53 mmol/mol (\>7%) does not necessarily mean therapeutic inertia. We previously demonstrated that individualising HbA1c targets in T2DM patients results in more patients considered as well-controlled.[@R38] Physicians who in the case of an older, complicated patient do not directly initiate insulin when the HbA1c level surpasses 53 mmol/mol (7%), show a clinical 'inaction' rather than inertia and this inaction may be justified. If this inaction is based on the individualised approach, then it reflects a complex process of clinical reasoning, in favour of optimal patient treatment.

We found evidence that, when deciding on initiating insulin, physicians from five out of eight countries took patient's age and comorbidity status into account. Interestingly, another analysis from the GUIDANCE study, in the patient population, found evidence for overtreatment of older individuals.[@R39] It demonstrated that the achieved HbA1c levels for individuals\<65 years and ≥65 years were similar; moreover, many of those ≥65 years were treated with insulin or sulfonylureas and those with tight glycaemic control more often had ischaemic heart disease/congestive heart failure.

Conclusion {#s5}
==========

Our study found that the HbA1c level at which physicians initiate insulin in T2DM patients, differs between countries. This is likely to be at least partially determined by physicians' attitude towards national guidelines and may be by HbA1c targets in these guidelines. We did not identify physician or practice related factors that were independently associated with the HbA1c level at initiation. Physicians would in general initiate insulin therapy for an older patient with comorbidities at a higher HbA1c level, which reflects well considered clinical inaction rather than therapeutic inertia.
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